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In a confinement study, plasma density plays an 
important role. For example, global confinement time 't'E is 
roughly proportional to the square root of density and the 
triple product n't'ET is roughly proportional to the 1.5th 
power of density. Thus, estimation of the density limit is 
one of the important issues of the LHD project. 
In the 1st and the 2nd cycle experiments of LHD, 
plasmas were produced by the ECRH (82.6GHzl84GHz) and 
heated by the ECRH and/or the Neutral Beam Injections. 
Usually, increase in the radiative loss causes decrease in the 
plasma stored energy and leads to the radiation collapse 
finally. When the heating power is constant, plasmas with 
low radiative loss have larger density than those with high 
radiative loss generally. In the LHD experiments, oxygen 
and carbon were estimated for the sources of the radiative 
loss. The radiative loss power is roughly proportional to the 
electron density and the impurity density. 
Prad = F(T e) <nz><ne> 
= aF(T e) <ne>2 
Here F(T e) is a radiative cooling rate and <nz> = a<ne>. If 
the electron temperature is not different so much, the value 
of Prad"<ne>2 can be used as the indication of an impurity 
fraction a. Figure 1 shows the relation between the value of 
Prad/<ne>2 and averaged electron density <ne>. In these 
experiments, fueling gas was puffed through the piezo-valve 
except for the case of pellet injection. Decrease in impurity 
concentration tends to increase density regardless of a fueling 
method. Details are under investigation. 
The dependence of averaged density on an input power 
is shown in Fig. 2. Solid line shows the calculated density 
limit ncl) 
nc(lQ20m3) = min[ O.2(PB/a2R)O.5, 0.35PBO.5/aR] 
where P is input power (MW), B is magnetic field strength 
(Tesla), a and R are plasma minor and major radii (m), and 
min[] is a function to take smaller value. The densities in 
some LHD discharges explicitly exceed this density limit 
more than 50%. The wall contribution of the LHD to the 
density build-up may differ from the small and medium size 
42 
helical machines whose database was used to deduce this 
empirical scaling. As the edge temperature of the LHD 
plasma is a few hundred eV, fueling gas puffed through the 
piezo-valve is ionized at the edge region and cannot reach to 
the core region. As a result, density profile of the LHD 
plasma tends to be flat or hollow. Suitable pellet injection 
has a possibility to increase the density more. 
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Fig. 1. Relation between the averaged electron density 
<ne> and P rad" <ne>2. 
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Fig. 2. Dependence of the averaged electron density <ne> on 
the input power. 
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